Additional index words. Malpighia crassifolia, nanche, golden spoon, murici, canonical discriminant analysis Abstract. Nance [Byrsonima crassifolia (L.) HBK.] is a tropical fruit cultivated along the coastal areas of Mexico. Nance consumption has increased due to its versatility, as it can be used as fresh fruit, refreshments, and alcoholic beverages and also for preparing fruit rolls, bottled drinks, jellies, syrup, ice cream, and cakes. However, the broad variation in fruit quality parameters, like juice acidity, total soluble solids, skin color, and size, seems to limit its use. Since fruit quality can be infl uenced by the parameter used, multivariate canonical discriminant analysis (CDA) was used to discriminate among nance selections. The objective of this study was to fi nd the best quality indices using physical and chemical fruit characteristics from eight nance selections cultivated in the state of Nayarit, Mexico. Six physical and fi ve chemical variables of fruit quality were studied to determine the relative contribution of each variable to the discrimination between nance selections. Two canonical discriminant functions (CDF 1 and CDF 2 ) explained >80% of the accumulated variation among nance selections. The total soluble solids (TSS) to titratable acidity (TA) ratio was dominant on the CDF 1 (standardized canonical coeffi cient = 2.46), therefore, this ratio could be used as the best quality index to select nance fruit. The following TSS to TA values are proposed to classify the nance selections studied: a) 5
Little research has been done in Mexico on nance (Byrsonima crassifolia). Besides cultivation of the criollo types, which usually are backyard or mountain trees, there is a moderate range of selections commercially grown in states along the Pacifi c coast and Gulf of Mexico (Pennington and Sarukhan, 1968) . In the state of Nayarit (on the Pacifi c coast), there are 207 ha of commercial nance orchards that produce a crop worth more than $0.5 × 10 6 per year. The cultivated area is increasing since many rural families benefi t from harvesting this crop during the rainy season (July to October). The main production areas in Nayarit are located along the coast, in counties with savanna type vegetation, like Acaponeta, Santiago Ixcuintla, Compostela, Rosamorada, Ruiz, and San Blas.
Nance fruit are round drupes produced on 10-to 15-cm-long infl orescences. At maturity Defi ning fruit quality standards is not an easy task as external fruit characteristics like skin color and size are not always good indicators of the internal composition. As fruit approach maturity, many physical and chemical changes take place. Usually, titratable acidity, fi rmness, and starch decline while total sugars increase (Mann and Singh, 1985) .
Since fruit quality can be infl uenced by the parameter being evaluated, the use of multivariate analysis, like canonical discriminant analysis (CDA), may be a useful statistical tool to identify differences between groups of individuals (or treatments) and improve the understanding of the relationships between the variables measured within those groups (Cruz-Castillo et al., 1994) . CDA fi nds linear functions of quantitative variables that maximize the separation of two or more groups of individuals formed a priori while keeping variation within the groups, as small as possible. This approximation distinguishes several, not interrelated, canonical discriminant functions (CDFs) or canonical variables. These are linear combinations of the original variables that better separate the means from the groups from observations related to the variation within the groups (Rencher, 1992) .
CDA maximizes the variation between the groups of individuals while minimizes the variation within the groups of the original variables. CDA summarizes in one or two CDFs the information contained in the different independent variables. The coeffi cients of the CDFs are the canonical discriminant weights that are determined by the structure of the variance of the original variables through the groups of the dependent variable. The variables with high discriminant power generally present high weights and conversely (Kshirsagar, 1972) . The fi rst CDF, called CDF 1 , produces the maximum variation possible among the groups with regard to the variation within the groups, showing some differences between them to the highest degree possible. The CDF 2 refl ects differences between the groups not explained by CDF 1 , with a no correlation condition between CDF 1 and CDF 2 . Similarly, CDF 3 will not be correlated with CDF 1 and CDF 2 and so on (Cruz-Castillo et al., 1994) . The objective of this study was to fi nd the best quality indices using physical and chemical fruit characteristics from eight nance selections cultivated in the state of Nayarit, Mexico, by using CDA.
Materials and Methods
Fruit of the nance selections studied were obtained from 12-year-old trees grown from seed on commercial orchards in two production areas in the state of Nayarit: Los Medina, in Rosamorada County (N 21° 57'; W 105° 17' 16') and Mecatán (N 21° 33'; W 105° 18') in San Blas County. With the help of nance buyers and sellers, four nance selections were identifi ed in each location. Their local names were used to identify the selections and were characterized a priori, according to consumer preferences (Table 1) . Fruit of the selections Sangunga, Conical, Sour-small, and Purple they are 17 to 20 mm in transverse diameter with slightly orange to yellow skin, and sweet and sour pulp surrounding a hard stone (seed), which has one to three white embryos covered by a thin seed coat (Pennington and Sarukhan, 1968) . A nance harvest index has not been yet established. A local common practice is to pick up the fruit from the ground as fruit picked from the tree do not reach edible quality. In Nayarit, the peak collection from the ground occurs from July throughout September, although there are orchards that may have a light but constant yield all through the year.
Nance fruit is nutritious and complements the local inhabitants' diet. The fruit have a high content of vitamins A and C-up to 369 mg/100 g and 650 mg·g -1 , respectively (Nava and Uscanga, 1978) . Nance is consumed as a fresh fruit for its exquisite sweet-and-sour taste. It is also used as a component of refreshments, ice cream, salads, and in the preparation of alcoholic beverages. Nance has great potential for preparing fruit rolls, bottled drinks, jellies, syrup, cakes, and many other products. However, the broad variation in fruit quality parameters like sourness, pH, total soluble solids, and reducing sugars seems to limit a wider use. were obtained in Los Medina. In Mecatán, the selections tested were Improved, Sweet-sour-1, Sweet-sour-2, and Sweet-sour-3.
For each selection, fruit were obtained from one single tree on 7 Oct. 1999 once they had reached commercial maturity, which for nance is distinguished by the natural abscission of fruit, which is picked up from the ground. Ground underneath each tree canopy was cleared of fruit the day before fruit collection. Fruit physical and chemical characteristics were determined on a sample of 15 fruit per selection within 24 h after collection. ratios were calculated from these variables.
Information was analyzed considering each of the 15 chemical and physical determinations as a repetition. CDA was used to take advantage of the relationship between the different variables considered, their multivariate structure and their holistic interaction using the SAS program (SAS Institute, 1995) .
Results
Excluding Purple, which had fruit with purple skin (Fig. 1A) , the nance selections had yellow skin (Fig. 1B) . Fruit size and taste varied among selections; six of them had fruit of medium (19.3 to 21.1 mm width) to large (21.5 to 24.8 mm width) size (Tables 1 and 2 ). Selections from Mecatán were the only ones that had a sweet-sour fl avor.
Mean separation analysis performed on fruit physical and chemical characteristics showed signifi cant differences (Tables 2 and 3) . Results revealed the infl uence of the type of parameter used to measure nance fruit quality. However, based on these analyses it was diffi cult to determine a suitable quality index for nance, therefore, CDA was carried out.
CDA was used to simultaneously evaluate the differences among the six physical and the fi ve chemical variables of the fruit and showed the relative contribution of each variable to the quality of the nance selections. Two CDFs (CDF 1 and CDF 2 ) explained >80% of the accumulated variation among the nance selections (Table 4) . Another three CDFs explained <20% of the residual variation of fruit characteristics (data not shown).
CDF 1 accounted for 55.6% of the variation among the 11 chemical and physical variables; generating a model composed by those parameters of greater weight giving the model Y = 2.46x 5 -2.13x 4 + 1.42x 3 -3.70y 1 + 3.18y 2 + 1.03y 5 (Table 4) . CDF 2 accounted for 24.5% of the variation and was explained by the model Y = -2.38x 4 + 1.28x 1 + 1.16x 3 -7.78y 2 + 7.64y 1 . This analysis found that TSS: TA ( X5 ), TSS:pH ( X4 ), TA ( X3 ), TSS (x 1 ), both fruit length ( Y1 ), and width ( Y2 ), as well as L: W ratio ( Y5 ) were the most important canonical coeffi cients to separate nance selections based on their fruit quality characteristics. However, for the scope of this research, TSS to TA and TSS to pH ratios were considered the most important chemical indices of fruit quality because a delicate sugar:organic acid ratio provides the typical sweet-sour fl avor of nance that is preferred by local customers. TSS by itself should not be the only index for fruit quality because a selection classifi ed as sweet always will have an important proportion of organic acids; furthermore, the L to W ratio only defi nes fruit shape.
The means comparison test of the standardized canonical coeffi cients (SCCs) for CDF 1 showed that the Improved selection was superior to the rest of selections as it had the highest average SCC (Table 5) . Fruit of Improved nance had the lowest TSS to TA ratio (5.3:1) and the highest TA content (1.5%) indicating an acid or sour taste (Table  3) . The Sangunga and Sour-small selections Total fresh fruit (FW) and seed fresh weight (SW) were determined using an electronic precision scale. Fruit length (L) and width (W) were measured with an electronic vernier caliper (Digimatic; Mitutoyo Co., Japan). The juice of 15 fruit from each selection was analyzed for total soluble solids (TSS) with a hand refractometer (Atago Co., LTD, Japan), juice pH with a digital potentiometer (pH meter 320; Corning, U.K.), and titratable acidity (TA) in terms of citric acid (g/100 g fresh weight) by titration using the procedure described by Herrero and Guardia (1992) . The TSS to TA and TSS to pH TSS values (Table 3) . However, as it was mentioned before this variable by itself could no be used as a fruit quality index.
Improved selection differed from the rest of selections and had the highest values of length (24.8 mm) and width (22.9 mm). In contrast, Sour-small selection had the lowest length and width values, 15.9 and 13.8 mm, respectively. The fruit L to W ratio was not an important source of variability to discriminate among selections as it only had a minimum effect in the model for CDF 1 and no effect on CDF 2 .
In the case of CDF 2 , TSS and TA of the juice were the most signifi cant chemical parameters.
Sangunga differed from the rest of selections in the TSS to TA ratio (27.2:1) ( Table 3 ). The TSS to pH ratio had the highest SCC (-2.38) among the chemical parameters (Table 4) and was the most useful for discriminating among the nance selections with regard to this characteristic (Table 3) . Juice pH alone was not useful for either CDF 1 or CDF 2 .
From the fruit physical variables examined by CDF 2 and CDF 1 , fruit length and width were more important than fruit or seed weight for discriminating among selections. The fresh fruit weight of the Improved selection (8.87 g/fruit) was signifi cantly heavier than the rest of selections and had the highest SCC value (1.61) ( Table 4 ). Tukey's test applied to the SCCs of CDF 1 and CDF 2 allowed plotting of the different nance groups based on their fruit physical and chemical characteristics (Fig.  2) . Three groups were clearly distinguished: a) sweet (Sangunga), b) sour (Sour-small and purple), and c) sweet-sour (Conical, Improved, Sweet-sour-1, Sweet-sour-2 and Sweet-sour-3).
Discussion
CDA was used to simultaneously relate fruit chemical and physical characteristics of seven yellow and one purple nance selections and determine a quality index. Regarding physical characteristics, the most signifi cant parameters for discriminating among the selections were fruit length and width as well as its ratio (L to W). However, these parameters may only defi ne a customer's preference for a certain fruit size and/or shape.
From the chemical characteristics studied, titratable acidity appeared to be a good parameter to assess fruit quality. However, Blanpied and Black (1977) and Lau (1985) pointed out that this parameter could change after harvest. The possibility that these changes occur in nance fruit deserves further evaluation.
Juice titratable acidity, pH, and total soluble solids were the most important parameters to defi ne the quality of nance fruit as similarly concluded for pear fruit Vangdal (1982) and Wang (1982) . In nance, like with other fruit (Wills et al., 1980) , fruit quality could be determined with the TSS to TA ratio. This ratio was the dominant parameter in CDF 1 (SCC = 2.46); hence, this ratio was chosen as the best chemical index to establish differences among Fig. 2 . Canonical coeffi cients of the canonical discriminant functions CDF 1 and CDF 2 of eight nance selections. Each number represents a selection: 1) sangunga, 2) sour-small, 3) purple, 4) conical, 5) improved, 6) sweet-sour-1, 7) sweet-sour-2, and 8) sweet-sour-3.
had the most negative values of SCCs (-2.97 and -2.63, respectively), which corresponded to the highest TSS to TA ratio, indicating very sweet fruit. A negative correlation (r = -0.42; P > F = 0.0001) was found, which meant that TSS increased proportionally as the titratable acidity decreased. Similarly, a negative correlation (r = -0.33; P > F = 0.0001) between TSS and juice pH was found. The TSS to pH ratio of Sangunga and Soursmall discriminated the rest of the selections, since they had the highest SCCs values (-2.97 and -2.63, respectively) (Table 5) , which meant that the sweeter fruit was the result of higher nance selections, since individual values of TSS and TA could not be appropriate because local customers prefer sweet-sour nance fruit. The following TSS to TA ratios are proposed to classify nance fruit: a) 5.1 to 8 as sour fruit (Sour-small and Purple selections), b) 8.1 to 10 as sweet-sour fruit (Conical, Improved, Sweet-sour-1, Sweet-sour-2 and Sweet-sour-3 selections), and c) >10 as sweet fruit (Sangunga selection).
The CDA was a useful tool to determine the best nance fruit quality based on physical and/or chemical parameters. This shown by the fact that CDF 1 and CDF 2 explained >80% of the accumulated variation among the eight nance selections included in this study. The information from this research could be used as a criterion to select nance trees with uniform fruit quality for either direct consumption or processing.
